Large matter-antimatter differences (i.e., CP violations) in the Laws of Nature are necessary to account for the matter-dominated present-day Universe. We, and, as far as we can tell, 
BACKGROUND
The discrete operations of Parity (P : left ↔ right), ChargeConjugation (C : particle ↔ antiparticle) and Time-Reversal (T:
forward in time ↔ backward in time) play major roles in particle physics. Prior to 1956, it was generally believed that the Laws of Nature had to be symmetric under each one of these transformations. However, puzzles in the decays of K mesons led T. D. Lee and C. N. Yang to propose that Parity was violated by the Weak Interactions, [1] a revolutionary proposal at that time, but one that was quickly confirmed by an experiment that discovered large Parity-violating asymmetries in radioactive decays of polarized 60 Co nuclei. [2] Simultaneous studies of decays of muon particles found similarly large Parity-violating asymmetries that had opposite signs for muons (m 
. [3] The opposite asymmetries for m + and m − indicated that Charge-Conjugation symmetry was also violated, but in such a way that the combined operation CP seemed to remain a valid symmetry of nature. These results led to physics Nobel Prizes for Lee and Yang in 1957 and subsequent theoretical studies of, and experimental searches for, possible violations of CP.
If nature is symmetric under the operation of the triple product CPT, particle and antiparticle masses and lifetimes must be equal. In 1958, Okubo pointed out that if CPT is a good symmetry of nature but CP is violated, the partial decay widths of a particle to particular final states could be different from those of its antiparticle; e.g., in the specific process discussed by Okubo:
. [4] This was recognized by Sakharov in his classic 1967 paper [5] as an essential ingredient for explaining how a symmetric matter-antimatter condition that prevailed Stephen Lars Olsen right after the Big Bang could evolve into the decidedly asymmetric, matter-dominated universe that we live in today (see Fig. 1 ).
In a 1964 experiment at Brookhaven National Laboratory, a small CP violation was discovered in the decays of neutral  matter-antimatter symmetry, is violated, probably by the weak interactions, [6] and led to 1980 Nobel prizes for J. Cronin and V. Fitch. To date, in spite of a considerable number of experimental investigations, no violations of CPT symmetry have ever been observed. [7] INCORPORATING CP VIOLATION
INTO THE STANDARD MODEL
Incorporating CP violation (CPV) into the Standard Model (SM), the current theory for the interactions of elementary particles, while preserving CPT proved not to be very easy.
Wolfenstein proposed a mechanism that expanded the SM by adding a fifth, "superweak" force that produced a CP-violating off-diagonal contribution to the 2×2 neutral-kaon mass matrix and nothing else. [8] However, the superweak explanation was ruled out by observations of direct CPV decays of neutral kaons by the NA31 experiment at CERN [9] and the KTeV experiment at Fermilab. [10] To incorporate CPV into the SM properly, one needs an amplitude that has a complex phase  CP that has opposite signs for particle and antiparticle processes. Since measureable processes are proportional to the absolute square of the amplitude, this CPV phase is unmeasureable unless the CP-violating process interferes with another process that has a non-zero "strong," or "common" phase  0 , that has the same sign for particles and antiparticles. [11] This is illustrated in Fig. 2a , where a hypothetical CP violating process 
Differences in the decay rates can be measured if the CP-violat- were at least three generations of quark doublets, i.e., at least six quark flavors (see Fig. 2b ). [12] This was remarkable because at that time, only three quark flavors had been established.
In 1974, soon after the KM paper appeared, the fourth quark, the c-quark, was discovered at Brookhaven [13] and SLAC [14] and the fifth quark, the b-quark, was found in 1977 by a Fermilab experiment. [15] By that time everyone was convinced This refers to a 1958 paper by Okubo that first pointed out that while CPT invariance requires particle and antiparticle lifetimes to be equal, CP violations would allow partial lifetimes to be different. [4] that the sixth quark, the top or t-quark, existed and it was only a matter of finding it. (It was found at Fermilab in 1995. [16, 17] ) Now, the commonly used form of the KM mixing matrix (now called the CKM matrix, where C designates
Cabibbo, an originator of the quark-flavor-mixing idea [18] ) is: 
Testing the Kobayashi-Maskawa idea
In a 1980 paper, Carter and Sanda pointed out that if the b-quark-related flavor-mixing parameters were such that the  0 ↔  ̅ 0 particle-antiparticle mixing frequency was substantial and the -meson lifetime was relatively long, large CPV might be observable in neutral  meson decays and provide conclusive tests of the KM idea. [20] However, that tests that Carter For the 1973 KM idea to be testable: six quark flavors had to exist in contrast to the three that were known at that time;
a relatively long -meson lifetime and a sizable  0 ↔  ̅ 0 mixing probability had to occur; and there had to be a thou- decay rates can only be observed if it interferes with a CP-conserving process (amplitude = C ) that has a non-zero common phase δ0. b) Excerpts from page 1 (above) and page 12 (below) of the classic Kobayashi-Maskawa paper. [12] sand-fold (or more) combined improvement in  +  − luminosity and detector performance. In 1983, a long ( B ≃ 1.5 ps)
-meson lifetime was measured at SLAC [23, 24] and, in 1987, a substantial signal for  0 ↔  ̅ 0 mixing was unexpectedly discovered by the ARGUS experiment at DESY. [25] Taken together, these results indicated that the CKM mixing-angle values were favorable for experimental tests of the KM idea. In addition, the luminosity of  +  − colliders kept increasing in a Moore's-law-like fashion with a doubling time of about 2.5
years (see Fig. 3b ). Detector performance also improved but at a less spectacular rate. In 2001, less than twenty years after the CLEO report of an 18 event exclusive B-meson decay signal with no CP eigenstate modes, the Belle experiment's discovery paper on CPV in the B-meson system was based primarily on the ∼ 700 neutral  mesons to CP eigenstate decays with CP eigenvalue  f  −1 (mostly  →  S /) in the signal peak shown in Fig. 3c . [22] EXPERIMENTAL TECHNIQUE AND CHALLENGES
In 1981, Bigi and Sanda [26] suggested that  1 , the CPV phase of  td , could be measured by the interference between the two 
Here  B 0 ( B ̅ 0) is the number of times the flavor-tagged  is a  0 ( ̅ 0 ),  f is the CP eigenvalue of the state being studied (for → S /,  f  −1),  is the efficiency for tagging the flavor of the accompanying  meson,  is the probability that the flavor-tagged  meson is assigned the wrong flavor,  mix is the  0 ↔  ̅ 0 mixing frequency, which is well meas- 
RESULTS
The 2001 Belle result, sin 2 1  0.99±0.15, [22] was 6 from zero and conclusively confirmed the KM prediction for a non-zero CPV complex phase in the  td element of the quark-flavor mixing matrix. The opposite asymmetries for  f   1 and −1 decay samples, clearly evident in the center and top panels of Fig. 5b , respectively, provided a check on possible systematic effects on the sin 2 1 measurements. Another validity check is illustrated in the lower panel of Fig. 5b, which shows the results of the same analysis applied to non-CP eigenstate decay modes, where no asymmetry is expected; the fit result for these events is 0.05±0.04. At the same time,
the BaBar experiment reported a 4 non-zero value: sin 2 1  0.59±0.15. [27] The average of the 2001 BaBar and Belle  1 results is com- pared with constraints from other measurements from completely different processes in Fig. 6a , where a region of common overlap, shown in yellow, is evident. [28] Eventually BaBar and
Belle accumulated huge amounts of additional data and significantly improved the precision on their  1 measurements; their current average is sin 2 1  0.68±0.02. [19] Since the largest possible value for |sin 2 1 | is unity, the measured sin 2 1 value qualifies the CPV in B meson decays as being "large," as first suggested by Carter and Sanda. Figure 6b shows the currently allowed  1 region together with more up-to-date constraints from measurements of the related quantities in the 2016 version of the same plot; [29] the fact that all the bands in the figure overlap at the now much smaller common region (shown in yellow) demonstrates the consistency of the KM picture.
Implications
The Belle and BaBar results demonstrate that the Kobayashi CPV processes in the early Universe can, in principle, be large enough to account for the baryon asymmetry of the Universe. [31] This possibility, called "Leptogenesis," is being investigated by experiments in Japan [32] and the U.S. [33] Other possibilities are modifications to the SM that include particles that are too massive to be accessible with current day accelerators, but could contribute higher-order quantum-loop effects in rare decays of B mesons that could be etablished by precision measurements by the LHCb experiment at CERN [34] and/or the BelleII experiment that is in its final stages of preparation at KEK in Japan.
[35] Maskawa met the King of Sweden (see Fig. 7a ) and are currently big celebrities in Japan. Anthony Ichiro Sanda (Fig. 7b left) is retired and living in Japan, where he is heavily engaged in church-related activities. Ikaros Bigi (Fig. 7b right) continues to teach and do research at Notre Dame University in the U.S. Ashton Carter (Fig. 7c) , who was Sanda's post-doc Here r̅ and h̅ are parameters introduced by Wolfenstein [30] that characterize the real and imaginary parts, respectively, of Vub 
